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Field of the Invention 

This invention relates to water-soluble polymers, such as monomethoxypoIy(ethylene glycol), that are 
modified to form a hydrazone linkage with an aldehyde group on a protein, and the invention also relates to 
5 protein molecules modified by these water-soluble polymers. 

This invention further relates to such water-soluble polymers that are modified to form an oxime linkage, 
and protein molecules modified thereby. 

Background Art 

10 

Protein and other similar organic molecules may be chemically modified by covalent conjugation to water- 
soluble organic polymers such as polyethylene glycol (PEG) The production of such protein conjugates is of 
interest because of the desirable properties conferred on polypeptides by the attachment of the water-soluble 
polymers. These desirable properties include increased solubility in aqueous solutions, increased stability dur- 

15 ing storage, reduced immunogenicity, increased resistance to enzymatic degradation, compatibility with a wid- 
er variety of drug administration systems, and increased in vivo half-life. These properties that are brought 
about by the derivatization of polypeptides with PEG or other water-soluble polymers are especially of interest 
when the polypeptide is to be used as a therapeutic agent injected into the body or when the polypeptide is 
to be used in assays, usually immunoassays, for the detection and/or quantification of a compound of interest. 

20 The attachment of reporter groups, ligands, etc. to proteins through a glycoprotein's carbohydrate moiety 
has been described [Weber, P. and Hof, L (1975) Biochem. Biophys. Res. Commun. 65, 1298-1302; O'Shan- 
nessy, D.J., Dobersen, M.J., and Quarles, R.H. (1984) Immunol. Lett. 8, 273-277; O'Shannessy, D.J. and 
Quarles, R.H. (1985) J. Appl. Biochem. 7, 347-355; Chua, M.-M., Fan, S.-T, and Karush, F. (1984) Biochim. 
Biophys. Acta 800, 291-300; O'Shannessy, D.J. and Wilchek, M. (1990) Anal. Biochem. 191 , 1-8; Koppel, G.A. 

25 (1990) Bioconjugate Chem. ±, 13-23]. A number of groups have been covalently attached in this manner in- 
cluding biotin, fluorescent probes, anticancer compounds, and solid supports. 

U.S. Patent No. 4,847,325 describes the possibility of synthesizing a PEG-amine, PEG-hydrazide or PEG- 
hydrazine and attaching it to a glycoprotein. However, no experimental evidence was given that these PEG- 
derivatives had been synthesized, that these PEG-derivatives could modify an oxidized glycoprotein, and what 

30 the resulting biological properties of these putative PEG-proteins might be. 

The publication by Kogan, TP., Synthetic Communications, 22(16) , 2417-2424 (1992), describes the syn- 
thesis of a monomethoxypoly(ethylene glycol)hydrazide. 

The enzyme peroxidase has been modified with PEG through its carbohydrate groups [Urrutigoity, M. and 
Souppe, J. (1989) Biocatalysis 2, 145-149]. In this modification PEG-diamine was reacted with oxidized per- 

35 oxidase, and the resulting imine was reduced with borohydride to form a stable bond between PEG and the 
carbohydrate group on the protein. Three molecules of PEG-20,000 were attached to the enzyme. A possible 
problem in using PEG-diamine in this manner is intermolecular cross-linking taking place between the protein 
molecules with PEG diamine functioning as the cross-linker. Another drawback of using PEG-diamine is the 
consumption of two available aldehyde groups for each PEG-diamine attached to the protein, thus lowering 

40 the potential number of sites for PEG incorporation. 

Besides the hydrazone forming mPEG derivatives, also synthesized is a series of oxime forming mPEG 
derivatives. Oximes are formed by the reaction of hydroxylamine or oxylamine derivatives with aldehyde or 
ketone groups. Polystyrene substituted benzophenone oximes have been used as supports for solid- phase 
peptide synthesis [DeGrado, W.F., and Kaiser, E.T (1980) J. Org. Chem. 45, 1295-1300]. In this example the 

45 growing peptide chain is coupled to the oxime group via an ester linkage. The substituted oxime bond is quite 
stable, and even unsubstituted aldoximes show good stability towards the Beckmann rearrangement requiring 
60 hr at 100° in the presence of silica gel to yield the reaction [March, J. (1985) Advanced Organic Chemistry, 
New York-John Wiley & Sons, pp 987-989]. The oxime linkage has been used to couple morpholinodoxorubicin 
to an antibody [Mueller, B.M., Wrasidlo, W.A., and Reisfeld, R.A. (1990) Bioconjugate Chem. 1, 325-330]. In 

so this example the ketone group of morpholinodoxorubicin was reacted with aminooxyacetic acid. The newly cou- 
pled free acid group was activated, and morpholinodoxorubicin was linked to the free amino groups of lysine 
on a monoclonal antibody. 

A number of proteins have been modified by PEG. For a review see Inada, Y, Yoshimoto, T. Matsushima, 
A., and Saito, Y. (1986) Trends Biotechnol. 4: 68-73. A number of patents have issued and applications pub- 

55 lished in this field as listed below. U.S. Pat No. 4,179,337; U.S. Pat No. 4,609,546; U.S. Pat No. 4,261,973; 
U.S. Pat No. 4,055,635; U.S. Pat No. 3,960,830; U.S. Pat No. 4,415.665; U.S. Pat No. 4,412,989; U.S. Pat 
No. 4,002,531; U.S. Pat No. 4,414,147; U.S. Pat No. 3,788,948; U.S. Pat No. 4,732,863; U.S. Pat No. 
4,745,180; EP No. 152,847; EP No. 98,110 published January 11, 1984. The above patents and patent pub- 
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22^2"™? f 6 ° f ° th6f water - S0,ub,e Pdy*' P^ein modifying reagents including but not re- 
o2^1S yProP) f " e 9,yC0 ' (PPG)> P 0 ^^ 3 ^ Polyo. (POP), heparin, heparin fragmenU de^T 
SjmTs P ° Vam,n ° 3 * indUdin9 Proline ' P ° ,yviny ' a,COh0 ' < PVA > and otnar wate'soluble organic 

A recent patent publication (WO90/12874) describes the preparation of an mPEG-EPO in which the EPO 
SS^ZS? T" T?" * 9enet '° engineering. A cysteine specific mPEG-reagen^hen ™ 
^ll ^on r Mly en9ineefed ffee Sulf hydryl 9 rau P- 0n| y °" e mp EG molecule could be in- 
?," d n0av " ence 01 thte corporation was presented. Also no biological or biophysical 
properties of the resulting mPEG-EPO were described. upnywcai 

l00 iSTK et i" J" 9 ' yCOprotein which reau,ates red "ood ~" Production. Erythropoietin exerts its bio- 
SS^J? ? tOreCept0rs 0n er * hraid ^rsors (Krantz. S.B.. Blood 77: 41SM34 (1991)). The 

o^sol^ 

ervthm^! i„ ^P 01 * 5 ' 8 a,0 "9 with cofactors such as iron, folic acid, and vitamin B12. Currently 

erythropoietin is approved for use in anemia of chronic renal i atium in both dialysis and predialysis patients 

u"de^ 

under study include anem.a of cancer, presuigical autologous blood donation, and perisureical adjuvant ther- 
^r^nST'?'" C ° nsistS ° f 165 amino acids whicn '"dudes two disulfide bridges. Erythropoietin has four 

7Z T • k 83 " MS ° thCre ' S ° ne °-' inked ^rbohydrate group secured to serine 
126. The carbohydrate cha.ns are branched and consist of fucose. galactose. N-acetylgalactosamine N-acet- 
ylglucosamine. mannose. and sialic acid. The carbohydrate composition of erythropoietin is heterogeneous 

SSSTT 1 y Sasakii H - Bothner ' B - Del,> K - and Fukuda - M - < 1987 > J - cLt iTSSSS? 

^!S^,! 9roUPS acco " ntfOTab O"'40%ofthe protein'sweightThecarbohydrategreupsTn erythropoietin 
are believed to increase the solubility of erythropoietin and prolong its serum half-life 

Several limitations exist with respect to which polypeptides may be covalently conjugated to water-soluble 
polymers and the extent to which the polypeptides can be modified. Different water-soluble polymer reSe^ s 

SSs ° 9r ° UPS P, ° Vide C ° UPlin9 01 wate '- solubte P°'y™rs to specif ic amino acid 

cini^^' 0 " 12? reSidUeS USi " 9 differe "^PEG-reagents having different properties such as suc- 
S?ETandT E G oh SU f!t idy ! T^^ 61 imidate - PEG - c y--c ch.oride-PEG. carbonyldiim - 
I32?S, PE f - phan y |carbonate derivatives (4-nitrophenol and 2.4.5-trichlorophenol) have been de- 

mndiSin?^! 96 ^ ™ ^ ° W " SPeC,f iC Prop8rty - The Subject app,ication involvas ™» caroohydrate PK 

ditioS^'f" 13 ; ' 6 ; P ° ,ypeptides latently joined to a carbohydrate molecule or molecules, provide ad- 
because of the presence of the carbohydrate moieties on the polypeptide. Water-soluble polymer reagents 
.TdTJaTbnl 10 "J 6 Carb0hydrate ™***> 0' 9'ycoproteins as opposed to the aminoTdd £ 

tide backbone, i.e.. vanous functional groups present on the polypeptide, of the glycoprotein It may be at 

SK^ISS.T a TJ eCaU t e ° f differenCeS Chat8e dis P |ace "*nt. steric hinderance. amino 
component of the water-soluble polymer modified glycoprotein ' H 

^nroLnT^" 9 !?' **** ™ 9entS ,hat be t0 the carbohydrate moiety of gly- 

coproteins .t may be poss,ble to covalently conjugate water-soluble polymers to proteins without substantial* 

atri a :^ 

SUMMARY OF THE INVENTION 

w a t e ^u re | ! e nl! nVenti0 r PfOVideS meth0dS a " d """P 08 * 0 " 8 fof "^ifying polypeptides with derivatives of 
SS! n * ^f 8 ' '• e " wa,er - so,uble P 0 '*™' «hat form a hydrazone linkage with an 

IrStr, 9 T ° J r - 9r ° UP W,,h Simi,ar ChemiCa ' reaCtivity ' ketones " lactols - ^'ad carboxylic acids or 
!22S ^ ^ aC,d derivatives on a PO'VPaPtide. Novel hydrazide. semicarbazide. aryl hydrazide. thio- 
semicarbaz.de. hydrazide carboxylate. carbonic acid dihydrazide. carbazide. and thiocarbazide derivatives of 
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polyethylene glycol (PEG) and other water-soluble polymers are provided. One or more of the water-soluble 

.1 T"l r I! a9e ? tS be to individua) Po'yPeptWes or similar organic molecules to form hydrazones 

that link the polypeptide to water-soluble polymers. 

Another aspect of the subject invention is to provide for proteins, particularly glycoproteins, modified by 
the covalent attachment of hydrazone linkage water-soluble polymer derivatives. 

Also disclosed are methods and compositions for modifying polypeptides with derivatives of water-soluble 
organic polymers that form an oxime linkage with the above-mentioned aldehyde or similarly reactive groups 
Novel oxylamine derivatives as listed herein below, of polyethylene glycol (PEG) and other water-soluble poly- 
mers are provided and wherein one or more of the water-soluble polymer reagents may be coupled to individual 
polypeptides or similar organic molecules to form oximes that link the polypeptide to water-soluble polymers 

Another aspect of the subject invention is to provide for proteins, particularly glycoproteins, modified by 
the covalent attachment of oxylamine water-soluble polymer derivatives. 

The water-soluble polymer reagents of the subject invention include hydrazone linkage and oxime linkage 
forming derivatives of polyethylene glycol homopolymers. polypropylene glycol homopolymers. copolymers 
of ethylene glycol with propylene glycol, wherein said homopolymers and copolymers are unsubstituted or sub- 
stituted at one end with an alkyl group, polyoxyethylated polyols, polyvinyl alcohol, polysaccharides, polyvinyl 
eft* ethers, and a.p-Polyf(2-hydroxyethyl)-DL-aspartamide] and other water-soluble organic polymers. Poly- 
9 ' yC0 ' wate !- so,uble P 01 *™ 8 Polyethylene glycol where one of the terminal hydroxy! group 

ITvl Z h" VTV ^ 0 ' PE6, Wh6re Rmay * "* "* aro * benzoyl, ar 

yla kylethers. cycloalkyl, cycloalkylaryl. and the like. The water-soluble polymers listed are only exemplary of 

water-soluble polymers represented by P. Various derivatives ofthe specifically recited water-soluble polymers 
are also contemplated, provided that the derivatives are water-soluble. More preferably, the water-soluble poly- 
TtlL J * e > !?> from 1 the i 9 rou P consisting of polyethylene glycol and derivatives thereof, the monomethvl 
ether of polyethylene glycol (mPEG) being particularly preferred (so as to avoid cross-linking between pro- 

Polypeptides of interest for water-soluble polymer derivatization by the subject water-soluble polymer in- 
clude hormones, lymphokines. cytokines, growth factors, enzymes, vaccine antigens, and antibodies Water- 

intermediates and mimetics thereof, are of particular interest 

Another aspect of the invention is to provide erythropoietin that has been partially oxidized and subse- 
quently combined with (0 a semicarbazide derivative of the monomethoxypoly (ethylene glycol) (mPEG) so 
as to produce mPEG derivatized erythropoietin molecules containing 17-25 mPEG molecutes/moLcule of " 
ythropoietin (joined through hydrazone linkages), (ii) a carboxylate hydrazide derivative of mPEG so as to pro- 
duce denvatrzed EPO containing about 22-32 mPEGs/EPO (joined through hydrazone linkages), and (iii) oxy- 
amine derivatives of mPEG so as to produce derivatized EPO containing about 3-36 mPEGs/EPO (joined 
through oxime linkages), all as measured by gel filtration retention time. 

• 1 Kt n ° the K aSPeCt * the inVenti ° n iS t0 prOV,de metnods of activa «in9 polypeptides for covalent conjugation 
with the subject water-soluble polymer reagents. wnjugaiion 

DESCRIPTION OF THE DRAWINGS 

r~, Fi ? ure J a shows an HPLC chromatogram of EPO. Figure 1b shows an HPLC chromatogram of EPO modi- 
fied w. h a hydrazine derivative of mPEG5000. Figure 1c shows an HPLC chromatogram of EPO modified with 
a succinimide ester of mPEG5000. 

Figure 2 is a graph of the hematocrit level of mice treated with mPEG5000-EPO containing different 
> ^ mPEG (28 ' 18 3nd 12 mPEGs/mo,ccu ' a of EPO). The EPO derivatized with 18 or 28 
are derivatized ^'"S the object semicarbazide compound. EPO derivatized with 12 
mPbG5000/molecule is derivatized using the subject hydrazide compound. 

Figure 3 is a graph showing the ability of EPO, hydrazide mPEG5000 EPO (12 PEG/EPO) hvdrazide 
mPEG12000-EPO (6 PEG/EPO), thiosemicarbazide mPEG5000-EPO (25 PEG/EPO) semicarbazide 

^r^" E , P °, (1 t^ G/EP0) ' a " d semicarba2ide n,PEG12000-EPO (29 PEG/EPO) to bind a monoclonal 
antibody specific for EPO in an ELISA assay. 

^DrfrlT/ V Sh0Wi " 9 3 com P ariso " of tne biol °9 ical a «ivity of EPO when modified with either 
mPEG-Hydrazide (HY) or mPEG-Semicarbazide (SC). Two different molecular weights (8500 and 5000) of 
mPEG were used in the comparison. Mouse albumin is used as the control. 

Figure 5 is a plot showing the hematocrit level of mice treated with mPEG8500-EPO containing different 
amounts of attached mPEG (34, 20 and 12 mPEGs). EPO derivatized with 34 or 20 mPEG85000/molecule 
are denvatized using the subject semicarbazide compound. EPO derivatized with 12 mPEG85000/molecule 



EP 0 605 963 A2 



is derivatized using the subject hydrazide compound. Mouse albumin is used as the control. 

Figure 6 is a graph showing the results of EUSA assays for mPEG modified EPO using a Clinigen® EPO 

test Wt ln me le 9end, SC5-24 refers to semicarbazide mPEG5000 modified EPO with 24 molecules of 
mPEG/molecule of EPO. SC5-1 8 refers to the semicaibazide mPEGSOOO modified EPO with 18 molecules of 
mPEG semicarbazide /molecule of EPO. 

Figure 7 is a graph showing the circulating half-life of EPO in plasma. In the legend SC5-18-iv refers to 
the semicarbazide mPEGSOOO modified EPO with 18 molecules of mPEG /molecule of EPO and injected in- 
travenously, EPO-iv refers to injected intravenously. 

Figure 8 is a graph showing changes in hematocrit level in response to injection with EPO. In the legend 
the term SC5-1 8 refers to the semicarbazide mPEGSOOO modified EPO with 1 8 molecules of mPEG /molecule 
of EPO, the term SC5-22 refers to the semicarbazide mPEG5000 modified EPO with 22 molecules of 
mPEG5000 /molecule of EPO, the term HY5-8 refers to the hydrazide mPEGSOOO modified EPO with 8 mol- 
ecules of mPEG5000 /molecule of EPO. 

Figure 9 is a graph showing changes in hematocrit level in response to injection with EPO In the legend 
the term SC5-24 refers to the semicarbazide mPEG5000 modified EPO with 24 molecules of mPEG /molecule 
of EPO, the term TS5-25 refers to the thiosemicarbazide mPEG5000 modified EPO with 25 molecules of 
mPEG5000 /molecule of EPO, the term DH5-22 refers to the dihydrazide mPEG5000 modified EPO with 22 
molecules of mPEGSOOO /molecule of EPO, M.A. refers to the mouse albumin control. 

Figure 10 is a graph showing changes in hematocrit level in response to injection with EPO. In the legend 
the term TS5-17 refers to the thiosemicarbazide mPEGSOOO modified EPO with 17 molecules of 
mPEGSOOO/molecule of EPO, the term SC8.5-12 refers to the semihydrazide mPEG8500 modified EPO modi- 
fied with 1 2 molecules of mPEG8500 /molecule of EPO. SC2-15 refers to the semicarbazide mPEG2000 modi- 
fied EPO with 15 molecules of mPEG2000 /molecule of EPO, MA refers to the mouse albumin control 

Figure 1 1 is a graph showing changes in hematocrit level in response to injection with EPO. The legend 
is as follows: the term SC5-18 refers to the mPEGSOOO semicarbazide modified EPO with 18 molecules of 
mPEG5000 /molecule of EPO. the term SC12-14 refers to the semicarbazide mPEG12,000 modified EPO with 
14 molecules of mPEG12.000 /molecule of EPO. the term SC5-28 refers to the semihydrazide mPEGSOOO 
™ ° With 28 molecules of "PEG5000 /molecule of EPO. the term HY12-6 refers to the hydrazide 
mPEG12,000 modified EPO with 6 molecules of mPEG12.000 /molecule of EPO. M.A. refers to the mouse 
albumin control. 

Figure 12 is a graph showing changes in hematocrit level in response to injection with EPO. In the legend 
the term SC8.5-34 refers to the semicarbazide mPEG8500 modified EPO with 34 molecules of 
mPEG8500 /molecule of EPO, the term SC12-29 refers to the semicarbazide mPEG1 2,000 modified EPO with 
29 molecules of mPEG12.000 /molecule of EPO. MA. refers to the mouse albumin control. 

Figure 13 is a graph of hematocrit levels in mice injected subcutaneously or intravenously EPO and EPO 
derivatives. The legend is as follows: EPO-SC refers to EPO injected subcutaneously. EPO-iv refers to EPO 
Tr™^ 6 " 0 " 81 * SC5 " 28 - SC refers to semicarbazide mPEGSOOO modified EPO with 28 molecules of 
mPEGSOOO /molecule of EPO injected subcutaneously. SC5-28-iv refers to semicarbazide mPEGSOOO modi- 
fied EPO wrth 28 molecules of mPEG5000 /molecule of EPO injected intravenously, HY12-6-SC refers to hy- 
drazide mPEG1 2.000 modified EPO with 6 molecules of mPEG12,000 /molecule of EPO injected subcutane- 
°™ " 6 " iV rBtof8 10 h » drazhto ™PEG12,000 modified EPO with 6 molecules of mPEG12,000 /molecule 
of EPO injected intravenously, MA.-sc refers to mouse albumin control injected subcutaneously, M.A.-iv refers 
to mouse albumin control injected intravenously. 

Figure 14 is a graph showing hematocrit levels in mice injected with multiple versus single doses of 1 mi- 

Tiltf EP °' The le9end is 85 f0,l0WS: EPOx3sc refers «° EPO injected subcutaneously three times a 
week. EPOx3iv refers to EPO injected intravenously three times a week, SC5-22x1sc refers to semicarbazide 
mPEGSOOO modified EPO with 22 molecules of mPEG5000 /molecule of EPO injected subcutaneously once 
a week. SG5-22x1 iv refers to semicarbazide mPEG5000 modified EPO with 22 molecules of mPEGSOOO /mol- 
ecule of EPO injected intravenously once a week. M.A,x3 refers to control mouse albumin injected intrave- 
nously three times a week. 

Figure 15 is a graph showing hematocrit levels in mice wHh tumor necrosis factor o(TNFa)-induced anemia 
and Injected with EPO and derivatives of EPO. The legend is as follows: TNF(5) refers to TNF injected over 
five days. T+EPO(5) refers to TNF and EPO injected simultaneously over a period of five days T+EPO/2) re- 
fers to TNF injected over a period of five days and EPO injected on days 1 and 4. T+SC5-18(5) refers to TNF 
injected over a period of five days simultaneously with semicarbazide mPEGSOOO modified EPO with 18 mol- 
ecules of mPEGSOOO /molecule of EPO. T+SC5-18(2) refers to TNF injected overa period of five days simul- 
taneously with semicarbazide mPEG5000 modified EPO with 18 molecules of mPEGSOOO /molecule of EPO 
injected on days 1 and 4, M-A refers to the mouse albumin control. 



EP 0 605 963 A2 



A Jj^Zlln 2?^T n9 hematocrit C" 3 "^ in ^Ponse to injection with EPO. In the legend 18PEG- 
mn? t ^ P ^ mod| f ,ed m PEG-0-CH 2 CH 2r NH-CO-ONH2, (formula XXI of the invention) withlSmPEG 
moleculesper mdeoule of EPO; 3! PEG-C refers to EPO modified with mPEG-0-CH 2 CH^'(S ONH 

*S£T^ ^ 31 mPEG/EP ° : 25PEG " C refere to EPO -nod^wSISS^ 
R„^t r . 2 { ^ mU ' a ^ ° f the inVentbn >- with 25 molecutes <* ".PEG/moleoule EPO 

BreferstoEPOmSL 

Figure 18 is a graph showing the ability of EPO. m-PEG-0-CH,CH^NH-CO-OMH i-a-\ m D CMnnn CD « 
mPEO *«WHrONK, OW) mPEGSOOO EP^SpEG/E^oJ^P^^tKciTc^H^NH S 

F I„7o f t PEG/EPO) to b.nd a monoclonal antibody specific for EPO in an ELISA assav 

a r*!?* 1 !? 8 9,aPh Sh ° Win9 EP ° de P end «"t cell proliferation using mPEG-EPOs In fhe leoend \18 PEC 
^"corf ^ m0£ "'' e< ' w '*h m PEG-0-CH 2 CH2-NH-CO-0NH2 (formula XXI) aM8 PEG/eVo 22^EG B refers 

S£S SEES? r Ha rs ^ at 22 ^^252 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Definitions 

the ability to induce an immune response, therapeutic activity and the like * 



6 
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Winter and Milstein. Nature. 349: 293-299 (1991). 
The Invention 

as to be bound to water-so.uTXer S ** "* *> 

be used to covalently attach a varieToI w^r 2'*!* reagentS ° f ,he sub ^ ecl inven,i °n ">ay 

d ^neandoxyuJ^^^^ to po.ypep.ides of interest The subject hy- 

valently attached to proteins through^ ions h ' Water - S0 ' uble rea 9ents. may be co- 

ent on the protein o interest Tdehvde °™ ™ °' ««hw suitable functionai groups pres- 

(or other oxLio^artSSe^ by partially oxidizing the hydroxy, groups 

hydroxyl groups present on *!2SS»f P °'* pept,de - Exa "iP'es of oxidation activable groups include the 

oxidation agents known to thos of S52 S^EZE? n" ° X,d,2,n9 T" SUCh 88 periodate or other 
tions on portions of the protein oflnZst e a odTeS^ „ ""T^ 30 ' 8 01 ° xida «°n reac- 

to provide polypeptides Lified ^^!SS^T^^ Z?Jl £ T " 

foIIo ;r frcd f ° rmU,ae ° f ^ C ° mPOUndS US8 ' ul *» -P'i"9 water-soluble po.^ XyJepSes are as 
HYDRAZINE DERIVATIVES 



25 



30 



40 



a hydrazine derivative; 



(0 



(") 



a hydrazine carboxylate derivative; 

(III) 

a semicarbazide derivative; 

(IV) 

a thiosemicarbazide derivative; 

(V) 



P-0-CH 2 -CO-NHNH 2 , 
P-0-CO-NHNH 2 , 
P-NH-CO-NHNH 2 , 
P-NH-CS-NHNH 2 , 
P-NHCO-NHNHCO-NHNHr 



a carbonic acid dihydrazide derivative; ~ * 

(VI) P-NHNHCONHNH 2f 



a carbazide derivative; 
a thiocarbazide derivative; 
an aryl hydrazide derivative; 



a hydrazide derivative; 
OXYLAMINE DERIVATIVFS 



(VII) P-NHNHCSNHNH 2 , 
(VIII) P-NH-CO-C e H 4 -NHNH 2 , 
(IX) P-0-CO-CH 2 CH r CO-NHNH 2 



45 



50 



55 



(XIX) P-CCHzCHz-CO-ONH,; 
(XX) P-0-CH 2 CH r O-CO-ONH 2 ; 

(XXI) P-0-CH 2 CH r NH-CO-ONH 2 ; 

(XXII) P-0-CH 2 CH r NH-CS-ONH 2 ; 
(XXIII) P-OCH 2 CH 2 -ONH 2 ; 

(XXIV) P-0-CH 2 CH 2 -NH-CO-CH 2 ONH 2 ; 

(XXV) P-O-CH2CH2.O-CO-CH2.ONH2; 
(XXVI) P-O-Cr^CrVCHtOHJ-CH^ONH* and 

p m § (XXVII) P-O-CH2CH2-CO.CH2.ONH2. 

carooxymethyl cellulose (c) starch and dextnnes. and derivatives and hydroceles of starch (d) 
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pdyalWyene glycol and derivatives thereof, including polyethylene glycol, methoxypolyethylene glycol poly- 
ethylene glycol homopolymers. polypropylene glycol homopolymers. copolymers of ethylene glycol with pro- 
pylene glycol, wherein said homopolymers and copolymers are unsubstituled or substituted at one end with 
an alkyl group (e) heparin and fragments of heparin. (0 polyvinyl alcohol and polyvinyl ethyl ethers (g) poly- 
vinylpyrrolidone, (h) a.frPdyK2-hydroxyethyl)-DL-aspartamide, and (i) polyoxyethylated polyols Preferably 
he water-soluble polymer P is selected from dextran and dextran derivatives, dextrine and dextrine deriva- 
trves, and more preferably polyethylene glycol and derivatives thereof. Polyethylene glycol water-soluble poly- 
mers include polyethylene glycol where one of the terminal hydroxyl group is modified with an R group i e 
RO-PEG where R may be alkyl. aryl. alkyaryl. aroyl. aJkanoyl. benzoyl, arylalkylethers. cycloalkyl cycloalk- 
. :! „ ' lke - 17,6 water - so,uble Polymers listed are only exemplary of water-soluble polymers repre- 
S t^K .J ! S derivatives of tne specifically recited water-soluble polymers are also contemplated, pro- 
vided that the derivatives are water-soluble. More preferably, the water-soluble polymer P is selected from the 
group consisting of polyethylene glycol and derivatives thereof, the monomethyl ether of polyethylene glycol 
I ^'"SP^ 1 ' 0 " 1 ^^ 6 " 60 (so as to avoid cross-linking between proteins). When polypeptides modi- 
fy * h ° ^'-soluble polymer reagents of the subject invention are to be used as pharmaceuticals, polymer 
P should be non-toxic. 

The compounds of formulae l-IX may be represented generally by the formula: 



Q 
I 

P-Y-C=X 

wherein X is O or S; Q is selected from the group consisting of -NHNH 2 . and -C 6 H4-NHNH 2 ; and Y is selected 
from the group consisting of -O-. -OCH r . -NH-. -NHNH-. -O-CO-CH.CH,- and -NHCO-N-NHNH-; and P is a 
water- soluble organic polymer (as in compounds l-IX). 

The compounds of formulae XIX-XXVII may be represented generally by the formula: 

P-Y-X-Q 

wherein X is C=0. C=S. CH, or CHOH; Q is selected from the group consisting of -ONH 2 -. and -CH^ONH,- 

-u-om 2 ^m 2 ch-; and P is a water soluble organic polymer (as in compounds XIX-XXVII) 

In addition to the molecules of formulae I, II. Ill, IV, V. VI. VII. VIII, and IX the subject invention also includes 
polypeptides modified by reaction with the molecules of formulae I, II, III. IV. V. VI. VII, VIII. and IX. Polypeptides 
modified by ^e water-soluble polymer reagents of formulae I. II. III. IV. VI. VII. VIII, and IX may be represented 
by formulae X. XI. XII. XIII. XIV. XV. XVI, XVII. and XVIII. respectively: 

HYDRAZIDE-MODIFIED POLYPEPTIDES 

(X) [P-0-CH 2 -CO-NHN=CH-] n -Z. 
(XI) P-0-CO-NHN=CH-l,-2. 

(XII) [P-NH-CO-NHN=CH4,-Z, 

(XIII) [P-NH-CS-NHN=CH-]„-Z, 
(XIV) P-NHCO-N-NHNHCO-NHN=CH-]„-Z, 

(XV) [P-NHNCON=CH-]„-Z, 

(XVI) P-NHNCSN=CH-1,-Z, 
(XVII) P-NH-CO-C e H4-NHN=CH-] n -Z. and 

(XVIII) [P-0-CO-CH 2 CH 2 -CO-NHN=CH-I n -Z. 
wherein P is a water-soluble polymer as previously described, Z represents a polypeptide, as described above 
and n represents a number in the range 1 to x. where x is the maximum number of oxidation activatable groups 
present in polypeptide Z. The C in the hydrazone linkage formed between the water-soluble polymer reagent 
and Z was originally present on Z. not the water-soluble polymer reagent 

In addition to the molecules of formulae XIX. XX. XXI. XXII. XXIII, XXIV, XXV. XXVI and XXVII the subject 
v™ w„ 8 'so ' n # cludes polypeptides modified by reaction with the molecules of formulae XIX, XX. XXI, XXII 
Sv n w™^' a " d XXVIK Po, yP e P lides moaifie ° by the water-soluble polymer reagents of formulae 

SSxS \S m ™^\^^: d XXV " ™* be re P res ented by formulae XXVII.. XXIX. XXX. 
AXXI. XXXII, XXXIII, XXXIV, XXXV and XXXVI, respectively: 
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OXYLAMINE-MODIFIED POLYPEPTIDES 



(XXVIII) P-O-C^CHz-CO-ON^H-VZ; 

(XXIX) P-0-CH 2 CH r O-CO-ON=CH-] n -Z; 

(XXX) [P-O-CH 2 CH r NH-CO-0N=CH-]„-Z 

(XXXI) [P-0-CH 2 CH r NH-CS-ON=CH-] n -z' ; 
(XXXII) [P-0-CH 2 CH 2 -ON=CH-] Il -2; 

(XXXIII) IP-0-CH 2 CH r NH-CO-CH r ON=CH-) n -2; 

(XXXIV) [P-0-CH 2 CH 2 -0-CO-CH 2 -ON=CH-] n -2; 
(XXXV) P-0-CH 2 CH 2 -CH(OHKH 2 -ON=CH-] 1) -Z; and 

(XXXVI) [P-0-CHjCHrCO-CHj-ON^H-l.-Z, 

and n represen s a number in the range 1 to X, where X is the maximum numbeVof oxidation anTartivateWe 

mer reagent and Z was ong.nally present on Z. not the water-soluble polymer reagent * 
Although polypeptides may be modified by the coupling of up to x water-soluble polymers per oolvoeotide 
molecute, „ may be desirable to modify a given polypeptide by less than x water-sTr p ^e^ moZtos 
It may be undesnable to derivatize a polypeptide with the maximum number of water-soluSlerT e 
TsllubTJ n 6 ^^r me m ° leCU,e " teca "^^some polypeptides. SSj me ntS "of wa- 
TeZ ZZ TZ Z1T B r P °*T* ^ diminiSh bi0lo 9 ica, activitie8 a * "i"! "he unll 
SJSZSLSr^ 9UrcS " ' 5> 9 ' 10> ^ 11 ' fW SOme reSU ' tS ° btained With water-soluble 

moiST • m t tt I? d8 ° f rneasurin 9 the numbe ' of water-soluble polymer molecules attached to a glycoprotein 
molecule, as in hydrazone linked compounds of formulae X XI XII XIII XIV XV XVI mIST 
inoximelinkedcompoundsofformulaeX^ 

give different results. For the purpose of this application.' when a^ypS 22J ^2£2JK 
g wen number of water-soluble polymer molecules/molecule of protein, the number of water sol 
g,ven,s the empirically determined figure measured by gel fiction chrom^og^ ZZZ H?*™ 

cm J£n V T ° f f mPOUndS ° f formU ' ae X " Xl " »»• XIV - ^ XVI, X^ll. and XVII. ™ ™ult in the 
creatine amcrture of reaction products differing from one anotherwith respect o the exactZbetof water 

2l!S£Sr? 8ttaCl ; ed to ,he " 0, ^ tide «™9" nydrazone linkages and m sites Tn The polypTp, id e 

^^^S^Z QT -XT ent Simi ' arly> the Syn,HesiS ^-mpounds of formulae XXV W 

T r*l W,th reSP6Cl 10 the exact '"""ber of water-soluble polymers attached to thenW- 
° X ' me T ^ Sit6S °" the P °' ypeptide where these ■*» ""^ are present 
wetahtoTp mPnSeS mUltiP,e identiCa ' UnitS 0f varyi "9 amount8 ' * wi » "e eppredated thatThe moleclS 
S21Sr^T iderab, r Furthermore ' whe " P « ^d to have a grven molecular we gnuS mo- 
P 9 ^k Y I appr0ximate ' ref,ecti "9 »• average molecular weight of a population of molecuTe^ 

Pdienngv^threspecttoone another in regardstothenumberofsubunits present 

^J? ^'^^^laeXXVIII. XXIX. XXX. XXXI. XXXII. XXXIII. XXXIV. XXXV and 
XXXVI are to be coupled to a polypeptide will vary in accordance with the specific polypeptide to be^diffed 

ormore^^^ 

XXII XXMI iov txv y'w, i ™£ l ( 6 h y dra20nes )' or the compounds of formulae XIX. XX. XXI. 

AnS^I^L k- ?. XXW " (thS 0X " neS) • " any combinatio " of the hydrazones and the ox mes 
«oi.^ nJr 9 1 he 8UbjeCt ,nVenti0 " b ,hat Po'yPoPt'des may be modified by the attachment of wTter- 
solub le powers wrthout substantially reducing the biological activity of the polypeptide or redTno the b?i 

SSL'S? l ° 3 T 6Xtent tha " the bi ° ,09iCa ' 8Ctivity would * ^-ouce^the 

Zr b rn„ ^ h h ^ ame 7 ater " S0,Uble Polypeptide molecule by means of previously known chemS 

issrsssr p the bioio9icai activity ° f ep ° «" 66 f ° und in »«* sb - iiood^ 

. II JlT J TTZ ^nSE lnVenti0n J S *!? P 0 ^^ m ° dif " b y t"e compounds of formulae 
XXV I mat Ti«n It . ! compounds of formulae XIX. XX. XXI. XXII. XXIII. XXIV. XXV. XXVI and 

£m! n / k 3 e9,Be ° f th6ir bi0,09iCa, aCtivi,y than when lhe polypeptide fe modified 

to the same degree by joining water-soluble polymers to polypeptides employing the frequent used^o to 
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a l 63,6,8 ° f mPEG ,0r,ysine ""dmcation. Thus, the subject invention provides for 
"^P^W* ;«*t possess the advantages assc^ated with the covalent conjugation of water-soluble 
polymers while min.m.z.ng the loss of biological activity associated with the modification. Consequently poly- 
peptides that may be more highly derivatized by water-soluble polymers, and thus or otherwise possessThe 
advantages associated with the higher degree of derivation, may be produced that have the same level or 
a h,gher I eve of biological activity as polypeptides derivatized by water-soluble polymers to a lesser extent 
using conventional methodology. w-wmwt exiem 

l„ ^^V* USi " 9 3 hydra20ne formi "9 Natives of PEG (and other water-soluble polymers) 

instead of PEG-amine for coupling PEG to a protein is that coupling of a hydrazide or oxylamine (or Smila 
compounds) to an aldehyde yields a hydrazone or oxime respectively, while coupling through an amine gives 
animme, which ,s less stable than a hydrazone or an oximeand needs to be reduced to give a stable derivat^re 
Thus an extra step is required when using an amine instead of a hydrazone forming compound 
t« „, T adva " te9e of tha inventfon is th at higher levels of water-soluble polymers may be attached 
™EH 6,nS ? a ^ .° th6 I Wat6r " S0lUb,e ^'^^^rivatives. The semicarbazide (formula III), thiosemi- 
n^fhA^ ^* (formula IV), and carbonic acid dihydrazide (formula V) derivatives are of particular interest because 
of their hgher reactivity than comparable hydrazide derivatives of the subject invention. Reactions involving 
US? denV8t,Za i t f i0 : ° f EPO wit " semicarbazides. thiosemfcarbazides and carooxylate hydrazide deS 

« rSjSS? ^ f C ° m ?° n f ,nfl hydraZide deriVativeS ° f EPO have rcsu,ted in «ie addition of about 6- 
IrSL^ ^ !f cor' 60 "' 6 ° f EP °- ReaCti0ns between caroonic acid dihydrazide and hydrazide 
cart^late denvatives and EPO have resulted in the addition of up to 22 mPEG molecules to each molecule 
ofEPO.Inoroerforhydraz^ 

S^lZ* ?T 9 k f °21 £ nditi ° nS W8re required • •*■ 50 mM P 6 ^ 818 ' 60 minutes '"cubatlon at room 
S Tm^iL^h 5S f emicaroa2,de and Semicarbazide derivatives could be used to provide 
EPO mod fied with PEG to a similar extent, but under more mild oxidation conditions, e.g.. 10 mM periodate 

properties of many polypeptides, thus PEG semicarbazide. carbonic acid dihydrazide. hydrazide carooxylate 

oxidS^'r^H °l 0Xylamin6 , d !™ atives of mPEG ha ™ be an synthesized and have been reacted to the 
cS^h™ £ If , 9roUPS ° f EP °- S ° me ° f the mPEG -^a'"ines showed high reactivity to the oxidized 
carbohydrates. Also a lower number of mPEGs could be incorporated onto EPO and still g ive the high in vivo 

SXT T? and »*«»* (hydrazone forming)mPEG-derivaTive? 

ISSZESZZiFS, m TT i0n fe adVanta 9eous in that shorter and milder oxidation conditions 
canto used .n the modif .cat.on. Also lesser amounts of mPEG-derivative can be used in the modification re- 

Similarly, particularly high levels of water-soluble polymers are attached to glycoproteins when the com- 

x^otl^d u ^ >o ; , • and formu,a xx,m are emp,oyed as 

XIX oxytemine derivative. Reactions .nvolving derivatization of EPO with formula XXI and formula XXIV de- 
SEJSSr" teS TV" th6 additi ° n ° f " P to 18 " 19 mp EGS/EPO. and 31 mPEG molecules for every 
denvatives of EPO have resulted in the addition of about !M molecules of mPEG to each molecule of EPO 
Perhaps more importantly, the bioactivity of resulting oxylamine-derivatized PEG-EPO is surprisingly high 

T^Z^STJT? attaChm6nl ° f Wate, " so,ub,e to Ep ° C~ hereinbelow and Figure 

uSsJe&i 6 ? ' d ' bi0aCtlV,tyofa12mPEG ^etedfractionofformula XXIII is of particular interest (See Fig- 

The ability to generate long acting mPEG-EPO with high activity via coupling mPEG to the oxidized car- 
bohydrate groups depends on the mPEG^Jerivative chosen. Some mPEG carbohydrate modifying derivatives 
are not reactive enough to attach an optimum amount of mPEG onto EPO. Some mPEG-derivatives require 
VH£^T < , " COrporat ton onto EPO due 10 the Ability of the resulting bond. An optimal amount of mPEG 
incorporation for the semicarbazide derivative is about 17-25. more preferably about 22; for the carooxylate 

36 UraLSo ab ° Ut 22 " 32 ' ^ Pref6rably ab ° Ut 31 R6aCtiVily ° f the "PEG-oxylamlneB is about 3- 
The water-soluble polymer reagents of the subject invention may be used to modify a variety of polypep- 
tides or similar molecules that contain aldehydes or functional groups with similar chemical reactivity e g 

a^i h? Va ! 6d Carb ° XyliC addS activated <»W «*• derivatives, capable of chemically re! 
acting with the hydraz.de portion (or similar functional portion) of the subject water-soluble polymer reagent 
dewed from the oxidation of hydroxy! groups, the oxidation of other oxidation activatable groups present on 
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the polypeptide of interest (including carbohydrate moieties when the polypeptide is a glycoprotein, and amino 
acid residues in the primary sequence, e.g.. the N-terminus of serine, threonine, hydroxyzines), or hydrazine 
or oxylam.ne reactive group present on polypeptides prior to or after any oxidative treatment Polypeptides of 
interest include antibodies, monoclonal and polyclonal, cytokines, growth factors, hormones, enzymes, protein 
orpeptrfehgands and the like. Polypeptides of interest for modification by hydrazone linkage or oxime linkage 
forming water-soluble polymer reagent molecules of the subject invention may be isolated from their natural 
sources, genetically engineered cells, e.g.. CHO cells transformed with expression vectors for the production 
of EPO or produced by various in vitro synthesis methods. A particularly preferred polypeptide for the pur- 
poses of the instant invention is EPO. and precursors, intermediates and mimetics thereof, whether human 
or recombinant 

While the water-soluble polymer reagents of the subject invention may be used to modify most polypep- 
tides, it is of parfcular mterest to modify (1) polypeptides for use as drugs, and (2) polypeptides for use in 
assays. Polypeptide for use in assays include specific binding proteins, polypeptides recognized by specific- 
binding proteins, and enzymes. By specific-binding proteins it is intended antibodies, hormone receptors lec- 
tins, and the like. 

Various polypeptides may be modified by the subject water-soluble polymer reagents and the subject 
methods for their use so as to be coupled to different water-soluble polymers and to differing degrees or mod- 
ification. Varying parameters such as (1) the number of water-soluble polymers coupled to an individual poly- 
pept.de molecule, which will depend upon the reactivity of the derivatized mPEGs to the EPO. and the bioac- 

I2£Jl]r? 9 ^T 0 "' e>9 - reaCtiV,ty fr0m ab0Ut 848 m0,ecules °"nPEG/EPO (2) the molecular 
weight of the water-soluble polymer, e.g.. 2.000-1 2.000 daltons (3) the structure of the water-soluble polymer 
e.g.. monome hoxypolytethylene glycol) (4) the reaction conditions under which the reaction betweenThe wa- 
ter-soluble polymer reagent and the polypeptide of interest, e.g., temperature and duration, and (5) the oxida- 
tion > conditions under which the polypeptide for modification is activated for covalent conjugation e g peri- 
ls 1 c ° ncen,rat i 0 " in the ra "£> e <* 1 W0 nmol/mg of protein, may influence the biological properties of 
the resultant water-soluble polymer modified polypeptide. 

In a , preferred embodiment of the invention, activation of polypeptides for covalent conjugation is per- 
formed by mating the protein for modification with periodate (0.1-1.000 umole/mg protein) for a period of time 

!n S™! ,T*- preferably ^ V*°***m Protein, for a time period 

in the rangeof 5 minutes to 180 minutes. In a preferred embodiment of the invention, activation for conjugation 
is performed by mocing the protein for modification with periodate at a temperature in the range of -10°-50°C 
more preferably in the range of 0°-30°C. 

In a preferred embodiment of the subject invention when the protein for modification is EPO EPO is der- 
7 S T COmpou " ds ^formulae ll-VIM. more preferably the compounds of formulae It-V. the compound 

»h»T, U J a J? Se 7° a *f . id9 ' and f0rmU ' a "' the Carbox y ,ate Mrazide, being particularly preferred, where 
the ^water-soluble polymer P .s methoxypolyethylene glycol (mPEG) and each molecule of EPO is derivatized 

l y J^!!^ Pr M er ^L 17 " 2 , 5 m f eCU,eS ° f ^"^Polyethylene glycol (in the case of the semicarbazide). 
and more preferably 22-32 molecules of methoxypolyethylene glycol (in the case of the carboxylate hydrazide 

for th?olu,Son S ^K Ic^nT m ° ,eCU,ar Wei9W ° f 8b0Ut 5000 dalt0nS - Preferred reactton ™«**>™ 
for the product.on of the mPEGSOOO semicarbazide modified EPO are at 0-30'C. for 5 to 60 minutes, and 0 5- 

50 Mmoles penodate/mg of EPO (with periodate as oxidizing agent). EPO for modification by the subject water- 
so uble polymer reagents and methods is preferably obtained from genetically engineered cells, more prefer- 

JllZ m h ^ 9e " Stically modified ,0 P roduce EPO - B y ^P'oying the preferred water-soluble polymer 
reagent and conditions for modifying EPO. unexpectedly prolonged biological half-life of EPO is obtained and 

increased hematocrit levels can be seen, for example, see Figures 2, 4 and 5. 

In another preferred embodiment. EPO is derivatized with the compounds of formulae XX-XXVII more 
preferably the compounds of formulae XXI, XXIV, and XXIII, wherein the water-soluble polymer P is mPEG 
and each molecule of EPO is derivatized by about 18-19 mPEGS, 31 mPEGS, and 17 mPEGs, respectively 

weight of about 5000 daltons. The compound of formula XXIII had a 12mPEG fraction, which had in vivo bio- 
activity comparable to 22mPEG semicarbazide and 31 mPEG carboxylate hydrazide. Reactivity (molecules 

1T PEG/E h£? f °Tr ™ l m 3nd XX "' «" eXC6SS * **** ™ nydrazlde undTr fhi^re! 
adion conditions. Preferred reaction conditions for the production of the mPEG 5000 oxime may require more 
mild oxriation conditions such as a shorter oxidizing time or lower concentrations of oxidant than with the cor- 
responding hydrazide to produce higher in vivo bioactivity. 

ioo^^ ^ifS inVe K U !T a '^° pr0 r id6S methods of activating polypeptides for conjugation, i.e.. covalent con- 
uga ion, wrth the subject water-soluble polymer reagents. These methods of activating polypeptides for con- 
jugation compnse the step of partially oxidizing the polypeptides of interest Partial oxidation may be achieved 
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by adding an oxidizing agent such as periodate and other oxidation agents known to those of skill in the art, 
or by adding an enzyme capable of catalyzing oxidation reactions on portions of the polypeptide of interest, 
e.g., galactose oxidase. The preferred method of partially oxidizing a polypeptide for activation for conjugation 
is by the addition of periodate in a concentration in the range of 0.1-1.000 umole/mg protein, for a period of 
time in the range of one minute to three days, more preferably 0.5-50 uxnole periodate/mg protein, for a time 
period in the range of 5 minutes to 180 minutes. The temperature at which the activation is performed is pre- 
ferably in the range of -1 0°-50 o C, more preferably in the range of 0°-30°C. 

Salts of any of the macromolecules described herein, e.g., polypeptides, water-soluble polymers and der- 
ivatives thereof, will naturally occur when such molecules are present in (or isolated from) aqueous solutions 
of various pHs. All salts of polypeptides and other macromolecules having the indicated biological activity are 
considered to be within the scope of the present invention. Examples include alkali, alkaline earth, and other 
metal salts of carboxylic acid residues, acid addition salts (e.g., HQ) of amino residues, and zwitterions formed 
by reactions between carboxylic acid and amino residues within the same molecule. 

The mode of administration of the preparations of the invention may determine the sites and/or cells in 
the organism to which the compound(s) will be delivered. The compounds of the invention can be administered 
alone but will generally be administered in admixture with a pharmaceutical carrier or diluent selected with 
regard to the intended route of administration and standard pharmaceutical practice. The preparations may 
be injected parenterally, for example, intra-arterially or intravenously. The preparations may also be delivered 
via oral, subcutaneous, or intramuscular routes. For parenteral administration, they can be used, for example, 
in the form of a sterile, aqueous solution which may contain other solutes, for example, enough salts or glucose 
to make the solution isotonic. 

For the oral mode of administration, the EPO compositions of the invention can be used in the form of 
tablets, capsules, lozenges, powders, syrups, elixirs, aqueous solutions and suspensions and the like. In the 
case of tablets, carriers which can be used include lactose, sodium citrate, and salts of phosphoric acid. Va- 
rious disintegrants such as starch, and lubricating agents such as magnesium stearate are commonly used in 
tablets. For administration in capsule form, useful diluents are lactose and high molecular weight polyethylene 
glycols. When aqueous solutions are required for oral use, certain sweetening and/or flavoring agents can be 
added. 

For administration to humans in the treatment of disease states responding to EPO therapy, the prescrib- 
ing physician will ultimately determine the appropriate dosage for a given human subject, and this can be ex- 
pected to vary according to the weight, age and response of the individual as well as the nature and severity 
of the patient's disease. The dosage of the drug in pegyiated form may generally be about that employed for 
native drug, however, it may in some cases be preferable or necessary to administer dosages outside these 
limits. 

It is also of interest to supply the water-soluble polymer reagents of formulae I, II, III, IV V, VI, VII VIII and 
IX, and XIX, XX, XXI, XXII, XXIII, XXIV, XXV, XXVI and XXVII separately or in various combinations, in the 
form of a kit, so as to provide for the convenient and reproducible derivatization of polypeptides of interest 
Kits of interest may contain solutions comprising the water-soluble polymer reagent of formulae I, II, III, IV, V, 
VI, VII, VIII, or IX, or those of formulae XIX, XX. XXI, XXII, XXIII. XXIV, XXV, XXVI, XXVII, buffers/oxidizing 
agents, reaction indicator compounds, protein concentration measurement reagents, e.g., for Bradford assays, 
and the like. Compounds included in kits are preferably provided in pre-measured portions and pre-mixed sol- 
utions so as to provide for reproducibility and minimize error. Kits also preferably contain instructions. Instruc- 
tions are directed to various steps in performing the subject methods. 

SYNTHESIS OF WATER-SOLUBLE POLYMER DERIVATIVES 

The following syntheses of the subject compounds are exemplary and are not included for the purpose of 
limiting the invention. The person of average skill in the art of organic chemistry can devise variations on the 
exemplified syntheses. 

SYNTHESIS OF HYDRAZONE FORMING m-PEG 
Synthesis of mPEG-Hydrazide 

There are several ways to synthesize mPEG-hydrazide. Two methods are presented. 

mPEG5000-acid (20.8 g. 4 mmol) was dissolved in 30 ml dichloromethane and t-butyl carbamate (2.64 g, 
8 mmol) in 15 ml dichloromethane was added followed by 1 .68 g (8 mmol) dicyclohexylcarbodiimide which was 
dissolved in 10 ml dimethylformamide. After running the reaction over night at room temperature the reaction 
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mature was tittered. The filtrate was concentrated, and the resulting residue was taken up in dichloromethane. 
Ether was added to precipitate the mPEG-t-butyi-carbazide which was filtered and dried. The product was 
P l I" a j , ! ch o | ^ methane/t ri«"0">aceticacid (1:1) mixture. After40 minutes the solution was concentrated, 
[f^f < d,cholormethane and ether was added. The product was recovered by filtration. Yield 17 7 g 
IR: (C=0) 1730. 1700. Analysis. Calcd. for N. 0.55. Found: N. 0.44. 

An alternative method shown below converts mPEG-alcohol to an ester. The mPEG-ester then is hydrol- 
yzed with hydrazine to give mPEG-hydrazide. The synthesis of mPEG-ester is similar to the procedure of Roy- 
er. G.P.. and Anantharmaiah. G.M. (1979) J. Amer. Chem. Soc. 101. 3394-3395 



NaH 

mPEG-OH >mPEG-0-CH 2 -C0 2 C 6 H, 

Br-CHj-CO,C t Hj 



HjNKH, 

mPEG-0-CHj-CO,C 4 Hj >mPEG-0-CH 2 -CO-NHNH 2 



In a typical synthesis mPEG-OH was dried for about five hr at 85° in a high vacuum oven. After cooling 5 
g mPEG-OH (MW = 5000. 1 mmol) was dissolved in 5 ml dry tetrahydrofuran. To 26.4 mg (1.1 mmol) sodium 
hydr.de was added 1 ml dry tetrahydrofuran. The mPEG5000 solution was added to the NaH dropwise The 
mixture was stirred for one hr at room temperature in an argon atmosphere. During this time the solution be- 
came orange in color. Bromoacetyl acid benzyl ester (2.29 g. 10 mmol) was dissolved in 1 ml dry tetrahydro- 
furan. and this solution was added dropwise to the mPEG5000 mixture. The reaction was stirred overnight at 
room temperature under an argon atmosphere after which time it was filtered. Cold ether was added to the 
filtrate to precipitate the mPEG5000-benzyl ester, and the solid was collected and dried. Yield 4 5 g IR (C=0) 
1 752 The compound was further purified by gel filtration on a LH-20 column eluting with methanol/methylene 
chlonde (5:1). 

The mPEG5000-benzyl ester was converted to the hydrazide by treatment with hydrazine. In a typical ex- 
penment 1.0 g mPEG5000-benzyl ester (0.194 mmol) was dissolved in 3 ml methanol/methylene chloride (51) 
in an argon atmosphere. Hydrazine (0.091 ml. 2.91 mmol) was added and the solution was stirred at room 
temp^ture for around 70 hr. The mixture was placed on a LH-20 column eluting with methanol/methylene 
chloride (5:1). The mPEG5000-hydrazide was separated from the hydrazide and was precipitated with ether 
The solid was collected by filtration. Yield 0.78 g. IR (HjN-OO): 1669. Analysis. Calcd. for N, 0.55. Found- N 
0.34. 

Also synthesized were mPEG2000-hydrazide, mPEGBOOO-hydrazide, mPEG8500-hydrazide, and 
mPEG1 2000-hydrazide using the procedures described above. 

Synthesis of mPEG-Hvdrazine Carboxytate 

H 2 NNH 2 

nPEG-O-CO-Im > roPEG -o-CO-NHNH, 

The above mPEG5000-hydrazine carboxylate was synthesized as follows. Methoxypolyoxyethylene imi- 
dazolyl carbonyl (from Sigma Chemical, 2.5 g, 0.49 mmol) was treated with hydrazine ( 0.077 ml, 2.45 mmol) 
in 10 ml methylene chloride. After 4 hr at room temperature the reaction mixture was filtered, and the filtrate 
was treated with cold ether. The resulting precipitate was collected. Yield 2.22 g. IR (C=OV 1718 Analysis 
Calcd. for N, 0.55. Found: N, 0.595. 

Synthesis of mPEG-Semicarbazide 

COCl 2 

mPEG-NH, > npEG.HH.eo.^ 
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10 



H 2 NNH 2 

fcPEG-NH-CO-Cl > mPEG -NH-CO-NHNH2 

The above mPEG5000-semicarbazide was synthesized as follows. mPEGSOOO-amine was synthesized 
as described by Rajasekharan Pillai, V.N., and Mutter, M. (1980) J. Org. Chem. 45. 5564-5370. The 
mPEG5000-amine (2 g, 0.4 mmol) was dissolved in 9 ml dichloromethane and 0.28 ml triethylamine was added. 
To the mixture in an argon atmosphere was added phosgene (in toluene, 0.42 ml, 0.8 mmol). The reaction went 
overnight and then was bubbled with argon to remove any excess phosgene. The solution was concentrated, 
and the residue was dissolved in dicchloromethane and 0.063 ml hydrazine (2 mmol) was added followed by 
2 ml methanol. The reaction went for 4 hr after which time cold ether was added, and the precipitate was re- 
moved by filtration and dried. Yield 1.51 g. IR (C=0): 1683. Analysis. CaJcd. for N, 0.83. Found: N, 0.56. 
15 Also synthesized were the semicarbazides of mPEG2000, mPEG6000, mPEG8500, and mPEG1 2000 us- 
ing the procedures described above. 

Synthesis of mPEG-Thtosemicarbazide 



20 



25 



30 



35 



To 1 .5 g mPEGSOOO-amine (0.3 mmol) in 5 ml dichloromethane was added 0.1 ml triethylamine (0.75 mmol) 
and 0.071 g (0.3 mmol) di-2-pyridyHhionocarbonate. The reaction went overnight, where upon 0.047 ml (0 3 
mmol) hydrazine was added. After 4 hr the mixture was filtered, and the filtrate was treatBd with cold ether 
The product was collected by filtration. Yield 1 .34 g. IR (N-H stretch): 3332. Analysis. Calcd. for N, 0.83. Found- 
N, 0.255. 

Synthesis of mPEG-Carbonic Acid Dihydrazide 

In a reaction flask purged with argon was added t-butyl carbazate (0.04 g, 0.3 mmol) in 2 ml dichlorome- 
thane, 0.084 ml triethylamine (0.6 mmol), and0.03gtriphosgene(0.1 mmol). After 5 minutes 1.5 g mPEGSOOO- 
amine (0.3 mmol) in 4 ml dichloromethane was added. The reaction went overnight after which time cold ether 
was added to precipitate the product. The product was isolated by filtration. Yield 1.44 g. The protected dihy- 
drazide (0.61 g) was treated with 2 ml trifluoroacetic acid at room temperature for 10 minutes. The trifluoroa- 
cetic acid was removed, and the resulting oil was dissolved in methylene chloride and concentrated. This step 
was repeated. The oil was dissolved in methylene chloride and the product was precipitated with cold ether 
The product was isolated by filtration. Yield 0.41 g. IR (C=0):1695. Analysis calcd. for N, 1.37. Found: 0.41. 

Synthesis of mPEG-Arylhydrazide 



40 

Boc-NHNH-C 6 H<-COOH 
mPEG-NH 2 > mPEG-NH-CO-C 6 H 4 -NHNH 2 



The above mPEG5000-aryl hydrazine was synthesized as follows. Boc-NHNH-C 6 H 4 -COOH was prepared 
by reacting 4-hydrazinobenzoic acid with di-tert-butyl pyrocarbonate in dioxane in the presence of base at 0*C. 
The protected aryl acid hydrazine (0.378 g, 1.5 mmol) was reacted with mPEG-amine (1.5g, 0.3 mmol) in a 
dichloromethane/dimethylformamide solution (4ml, 1:1). Also added was dicyclohexylcarbodiimide (0.31g, 1 5 
mmol), 1-hydroxybenzotriazole (0.2g, 1.5 mmol), and triethylamine (0.21ml, 1.5mmol). The reaction went over- 
night, after which time the contents were filtered. The filtrate was treated with ether, and the precipitate was 
collected. The precipitate was treated with trifluoroacetic acid, and after 30 min, the trifluoroacetic acid was 
removed. Ether was added to the oily residue to precipitate the mPEG-arylhydrazine product The product was 
isolated by filtration. Yield 1.19g. IR (N-H): 3267; (C=0): 1655; (C=C): 1606. Analysis. Caicd. for N, 0 82 
Found: N, 0.50. 
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SYNTHESIS OF OXJME-FORM1NG m-PEG 
Synthesis of CH 3 0-(CH 2 CH 3 0) n ^H 2 CH^CCM)NH, 



1. BocNHOH/TEA 
mPEG-CO-NHS > n.PEG-O-CH^-CO-ONH, 



h rf mPE( t 5000 - succinimideester (NHS)(2.0g, 0.4 mmol) was dissolved in 10ml dichloromethane t ButvIN 
hyd^xycarbamate <0.53g. 4 nunc.) was added followed by 0.7m. tnethyiamine (5 «Z£%£Z^Z 

Synthesis of C H30-(CH,CH,Ol-CH 2 CH ? -0-CO-ONH,: 

1. BocNHOH/TEA 
mPEG-O-CO-I* ------- > m PEG-0-CH,CH,-0-CO-ONH, 

mPEG-5000-oxycarbonylimidazole (2.0g. 0.4 mmol) was dissolved in 10ml dichloromethane t Butvi m h« 

SSSTS^ 4 mmo,) added fol,owed by °- 7ml 

Synthesis of C H 3 0-(CH,CH,Oy.CH 2 CH,-NH.CO-ONH. 

1. Im-co-Im 

mPEG-NH, > mPEG-0-CH,CH,-NH-CO-ONH 

2. BocNHOH/TEA 2 1 

3. TFA 

(a 2^^°° ^^"xJ 2 09, 0 4 mm °' ) W3S diSSOlved in 10ml chloroform along with carbonyldimidazole 
S ; h "S. 7 "? reaCti ° n f0 " OWed the P^ure for activation of mPEG-alcoho. w££ZjS£ 
for S y , RanUCC '' E - and FerUti ' R (1 " 1 > Macromo.ecu.es 24. 3747-3752.Te mSSZZ 
IZZ^T* T a l r °° m temperature w hich time 7ml water was aided, and the organTc layer was 

thtSwaTfZ^ 

rieTv aZe 5 ^ Th J WaS t ' bUty ' ^oroxycarbamate (0.53g. 4 mmol) along with 0.7ml 
tnethylamme 5 mmol). The reactron was stirred overnight after which time cold ether was added and tZ 
resulting predpitate was collected by filtration, washed, and dried. The producTfl ^waTolac^t* a dtho! 
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Synthesis of CH 3 0-(CH 2 CH,0) n -CH 2 CH,-NH-CS-0NH,: 



1. (C 5 H 4 NO)jCS 

mPEG-NHj — — > mPEG-0-CH 2 CH,-NH-CS-ONH, 

2. B OcNHOH /TEA 2 

3. TFA 

mPEG-5000-amine (1.5g, 0.3 mmol) was dissolved in 30ml dichloromethane. Triethylamine (0 1ml 0 75 
ZST-f * °"° Wed . by di ; 2 -^ thio " ocart -"^ (0 0829. 0.35 mmol). The reaSion Js sled for 
iThO^fnTr ,e T^l u e reafterWhiCh ' imet - bU,y, N-Mroxycanbamate^SSg^mmo.) was added a.ong 
w*0.5mltnethylam.ne 3.75mmol). The reaction was stirredovernightafterwhichtimecoldetherwasadded 

ThT reS T n9 i IT P,tate T 001160,6,1 ° y f iltrati ° n ' washed ' aNd drfed - The P"*u« (Leg) was placed in 
dteholorme hane/tnf luoroacetie acid (1:1) mixture. After 30 minutes the solution was concenTrated. L com! 

C SS^S? "5? f ? rati °" °" 3 °° ,Umn e,U,ina With -ethanoi/methyiene chloride (5:1). 
Yield 0.72g. IR. (C=S) : 1684. Analysis. Calcd. for N, 0.55. Found: N, 0.30. 

Synthesis of CH 3 0-(CH ? CH,0) n -CH 2 CH,-0NH, 



1. BocNHOH/TEA 

mPEG-O-Trs > mPEG-O-CHjCH.-ONH, 

2. TFA 3 

v^rr^S 0 ^ 6 ^ 3 ' 6 1 2 09 J 0 4 mm0l) WaS disSOlVed in 10ml dichloromethane to which t-butyl N-hydrox- 
( 5- mm0,) °- 7ml ,rieth y |amine («*n»l) were added. The mixture was heated to 45^ 

ZSSSk 5 mLT^rS 0 ' w dri !°- Pr0dUCt (1 - 59) — P ' aCed in a ^holormethaneArifluo, 
oacetc acid (3.7) mixture. After 60 minutes the solution was concentrated. The compound was further ourified 

fXSpTn^ 

An alternative synthesis is the following. t-Butyl N-hydroxycarbamate (0.53g. 4 mmol) was placed in Iml 

( 9 - °; i^? 0 Wh ' Ch WaS ,n 5ml tet rahydrofuran. The mixture was heated to 40-, and the 
££Z n, ° Vern,9hL h f ( 0,d ether — add8d to the "™«°" mixture, and the resulting precipitate was co" 
ESEZi? f " d dri6d ' th6 Pr0dUCt (1 ■*> WM P,aced in a dicholormethaneL luoroacetie add 

E2ZZ5££ ? t« th6 S0,Utk>n ^ COnCentrated - The was further purified by gel fi. 

SIS SSS! £ 0 .W. 9 W,th methanoymeth y ene ch.oride (5:1). Yield 0.75g. Analysis. Calcd for N, 

Synthesis of CH, Q-(CH ? CH,0).-CH 2 CH ? -NH-CO-CH^ONH, 



1. BocNHOCH,COOH 
PyBOP/DIEA 

mPEG-NHj > idPEG-0-CH 2 CH 2 -NH-CO-CH,ONH, 

2. TFA 2 

20 n SSS 8min9 £ 09, °- 4 T 0 ° 3nd B °°- ami " ox y ace ^ acid (0.2g. 1.05 mmol) were dissolved in 
20ml dichlorom ethane . Benzotnazol-l-yi-oxytripyrrolidinophosphonium hexafluorophosphate (1.1g 2mmol) 
was added followed by difeopropylethylamine (0.7ml. 3.9 mmol). The reaction was stirreo for about 72 hours 
at room temperature after which time cold ether was added, and the resulting precipitate was collected by fU- 

T,\?n , T* th6 S ° ,Uti0n concenlra ted- The compound was further purified by gel f II- 
taken up in water and was treated with decolorizing carbon. After about 24 hr. the decolorizing carbon was 
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JIS?' J? t ^. C,e ! rf il,,ate WaS concenlrated - ^ resWu ^ was dissolved in dichloromethane. dried with so- 

STcS ? ™ S ; ?! ? ra,e ^ ,reated With COld ether A white product was ° bfained - Yield 0.5g. 
IR. (C=0). 1676. Analysis. Calcd. for N. 0.55. Found: N, 0.50. 



Synthesis of CH 3 0-(CH,CH,0)^H a CH,-O.CO-CH^QNH, 



mPEG-OH 



1. BocNHOCH 2 COOH 

PyBOP/DIEA/DMAP 
2~~TFA > raPEG ~ 0 - CH J CH ^ 0 - co - c H 2 ONH 2 



20 J dt^t P 0 * . T 0,) a " d ^ an,inoox y a «»^ ^id (0.29. 1 -05 mmol) were dissolved in 
2,^22 « met 5 a h ne - . Benzotnazo| - 1 -y | -oxytripyrrolidinophosphoniurn hexaflurophosphate (1.1g, 2mmol) 
was added followed by d.,sopropylethyiamine (0.7ml. 3.09 mmol). The reaction was stirred for aboui 2 hours 

SULJ T H^ WhiCh time dimeth y ami "°Py rid ine (0-244g. 2 mmol) was added. After about four 
days cold ether was added, and the resulting precipitate was collected by filtration, washed, and dried. The 
precipitate was taken up ,n water and was treated with decolorizing carbon. After about24 hr. the decolorizing 
carton was filtered, and the clear filtrate was concentrated. The residue was dissolved in dichloromethane 

Found Tn, IT" fi,trale W3S treated ^ th °° ,d ethen Ana,ySi8 - for N ' 0 28- 

IHHfJUf!, COl ! e ? ed Precipitate was placed in a dicholormethane/trifluoroacetic acid (2:1) mixture. After 30 
eluting with methanol/methylene chloride (5:1 ). Yield 0.3g. IR: (C=0): 1 734. 
Synthesis of CH 3 0.(CH ? CH,Q) n -CH 2 CH ? -CH(OH)-CH 2 -ONH, 



O 1. BocNHOCH 2 COOH 
mPEG-CH-CH 2 ------ > mPEG-0-CH 2 CH 2 -CH(OH) -CH 2 -ONH 2 

(0 53T4 m^r-HHi' S; 0 2 mm0,) W3S diSS0lV6d in 10ml °- 1M Na0H - l - But >" N-hydroxycarbamate 
SlSmlZn? w ;f rUnn,n9 the reaCti ° n ° Verni9ht the reaction mb(ture was extracted with di- 
uJton Tnd ! T d and ^ ' i,tered - ^ Cther WaS add6d the d *"'°™ethane .* 

^t?J^ and driad - T-e compound was further 



puriNed by gel fi.tration on a LH-20 co.umn eluting with meth^hj^ 7* S^H^pSS 
Z^l 6 l0259 l Wa A P,aCed " 3 d -hoiormethane/trif.uoroace. fc acid (1:1) mixture After zZ n"Ss 

l^rr^rri^ and taken UP in *™°">™*™- ™e compound was isolated by precipitation 
from ether. Yield 0.2g. IR: (O-H): 3447. Analysis. Calcd. for N. 0.28. Found: N, 0.21. 

Synthesis of C H 3 Q-(CH ? CH,Q)„-CH 2 CH ? -CO-CH,-ONH, 



„„„ 1. DMSO/Ac,0 
mPEG-0-CHj.CHj-CH (OH) -CH 2 -ONH-Boc -— i> 

2. TFA 

mPEG-0-CH 2 CH 2 -CO-CH 2 -ONH 2 

.nw^ P K E t°" C ^ 2CH2 " ( : H(OH) " CH2 " ONH - BOC ( °- 39 ' 0 6 mmol > was P |aced in 3 ml *y <«™thyl sulfoxide fol- 

StefwnL , 6 T °k 2 dr L 8Ce,iC anhydridB - The reaCti ° n W6nt f0r aboul 24 * * «*» temperature 
S ^5 fit °? ether was added. The resulting precipitate was collected by filtration, washed and dried. 
I*" D ^ UCt , W ! S J >, !f ed 8 d '<*o'o""ethane/trifluoroacetlc acid (1:1) mixture. After 30 minutes the solution 
was concentrated. The compound was isolated by precipitation from cold ether. Yield 0 18q IR- (C=0V 1698 
Analysis. Calcd. for N. 0.28. Found: N, 0.20. 9 ' V 
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Synthesis of mPEG-Ornithine Semicarbaztds 



fnrmT^^T^i 5 0 9 ' 1 ' ^ ^ diSS0,Ved in 5 ml methylene chloride and 10 ml dry dimethyl. 

g - 7 "13, 1680. The Fmoc group was removed by treating the compound with 25% 
pipendme (.n methylene chloride) for 30 min. Cold ether was added to the solution to prSta^hTmreG 

ST, V 4 " TJ-tr: C °" eCted - WSShed ' and driad - ™* <"* «'Pha aTno ^wa?ace ^atod by' 
atouM 7 hV t? ! mPEG - derivative with 3 methylene chloride and adding 1 ml acetic an2te After 
about 1.7 hr. at room temperature the solution was concentrated. The resulting solid was treatec I with Trifh S 

and tSthylamine m *J 3 £™lff ^t?, 6 ™ 1 ™ " aS diSS0,Ved in 3 ml dr * ™W™ c "'°"^ 
rJm' T, 1 mT10le) WB8 added followed •* 1 ml Phosgene in toluene (1 92 mmolel and 

thetS ^ T!T n6 CWOride - The reaCtfon went ove '" iaht * «m temperate afte wS«me 

fiSSST n T^ e reSWUe W3S diSS0,Ved in 3 ml «■*«•■ <* *«• and 0 2 m bygone 
(5.76 mmole) was added. Dry methanol was added until the solution became clear f3 d m n a»», J " yarazone 
temperature the solution was clarified by conjugation snTT^Z^^T^ZZ 

EXAMPLES 

Modification of EPO (Hydrazide Method) 

witt, 100 mMo. sodium acetate. pH 4.2 in a microconcentrator. After the final concentration Z ox d EPO 
Modification of EPO (Semicarbazide Method) 

n»rT»rfK decreased *° 5 minutes and 3 decreased amount of mPEG-semicarbazide (1 0 mg) was used com- 
pared to the amount of mPEG-hydrazide (50 mg). Even with the decreased oxidation tWe a^ lets m?EG 
added, more (about 18) mPEG molecules were attached to EPO. If longer oxidatton Hm«?ll T^! 
mPEG-semicarbazide is added, around 30 mPEG molecules can b XS^ZSta iSaT 
lecular weight of mPEG used. Thus mPEG^emicarbazide appears to be nSra raact^ EES££Z 

Products ,sobta,ned(peaksfrom7.5-10.2minutes).Asimilar heterogeneous pattern for mPEG modification 
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and 3 ES^SSl"* 1, ! nter,eUK " V2, ^ Hnterferon h3S bee " fou " d Pat No. 4.847 325 

mPE^ to pro^^pNIucd ^ Shm' R Md^lT'jf 8 ° f /! ,P . EG has been ,he P referred method for attaching 
EPO was aiso JESSt JS^^ffS^ ' ^ ^ ^ * 

forresultsofbtologloalexperlmeS SSSSSSS^^ 366 Fi9ure 4 

modified with mPEG12000 (see Figure C?3ESZr^ 

. STKS^xss^^ssr Hke : he s T icart,a2ide deriva ^ ° f * «* 

Large-scale Modification of EPO .Se m icarbazide or Carboxylate Hydrazide Method 

wmwimmm 

Modification of EPO ( Ox ime Method) 

A. mPEC^CH,CH,-NH-CO-C^-nK!kL 

B. mPEG-Q-CH ? CH^NH-CQ-ONH T 

C. mPEG-Q-CH,CH,-ONH, 

The above modification of EPO was repeated usina mPEG-O-CH rn~nwu ♦ , , 

0. mPEG-Q-CH 2 CH^CO-ONH, 
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the methods as for modification A above. 
E. mPEG-Q-CH 2 CH ? -CH(OH)-CH,-ONH. 



CH JSE* Ah^ fiCat 1 i0n f EP ° " rePeat6d USi " 9 ,he PEG -°*''™ Privative mPEG-0-CH 2 CH r CH(OH)- 
CH 2 -ONH 2 . About 31 molecules of mPEGSOOO were found to be attached to each molecule of EPO as deter 
mined using the methods as for modification A above. 

F. mPEG-0-CH 2 CH ? -NH-CS-ONH, 

OK. J*!^! if "f ti0 " of EPO is n**™ "sing the PEG-oxime derivative mPEG-O-CH^NH-CS- 

^ M * mPEG5000 were foun ° to ^ attached to each molecule of EPO aVdeTermined 

using the methods as for modification A above. Determined 

Biological Activity of mPEG-EPO 

The mPEG-EPO derivatives were assayed for biological activity in vivo by measuring the increase in er 
ythmcytes generated after injection of the modified protein (Egrie, J.C., StriiianoT? W Lane J AoW K 
Cohen, A M. Smelling R., Trail, G.. Lin. F.K.. Browne. J.K., and Sines. O.K. (1986) ImmunobioM^ 2^' 
T^?™ ( ? C ^ 1 ' 6i9ht ^ *» W6re injeCted either ^aperitoneally or subcutenS^^^^^ 
rlCs ° nCe 8 ^ ^ tW ° °° n5eCUtiVe dayS " BIOOd W3S wilhdraw " °" Predetermined days fo^ZJ 

mPEGbo^n^ 09 ^ 1 (h r atocrit ,evels ) ° f the «»PEG-EPOs linked via hydrazide derivatives of 

J£ " k 2 ' 4 5 an ° Tab,eS ' and IL To s "^erize the findings. Figures 2 and 5 s7ow 

hat the optimal number of mPEG coupling is not obvious and has to be determined by synthesis and biolooS 
Jbng in order to give the best mPEG-EPO. Figure 4 compares mPEG coupling us^ 
cartaz de hnkers. Higher and longer hematocrit levels for mPEG-EPO could be obtained^ the semica^- 

tSL S2T 6 J""? T U ' tS ^ ** in Part ' to the W level * incorporation of mPEG whichZld 
S k 9 f 8 ^ ,carbazide ,inke '- T «We I shows the biological activity of the mPEG-EPOs a a Jun* 
t.on of the number of mPEGs incorporated and the molecular weight of mPEG used t ^ tK ° S 38 8 funC - 

ofm? E t: s raTdr^ 

Table II shows a comparison of the different mPEG hydrazide linkers used. Table II summarizes the bio- 

EP ,° Tf if ied different mPEGSOOO-hydrazide derivatives where o P 3alunts of 

couoledTpp^T,K ^ ! Carb ° hydra,e -"PEG-derivat^es give the same biological aSy when 

^ J S ? a ° " ,y l ° SUffiCient,y ^ a " 0ptimal amount of mPE G ^o'her facTors b£ 
logical activities are the best values obtained for each linker. 
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TABLE I 

5 



Table I: Biological Activity ol Dllferent mPEG-EPOe 



Uolaculai Duration ol Activity 

fmPEOa Couplsd* WalpM wPEQ Max. Homalocih (%\» fUlatlvg to EPO (Oivi)" ' 



15 


16 


2000 


60 


14 




6f 


5000 


63 


0 




121 


6000 


61 


7 




10 


6000 


61 


10 


20 


22 


6000 


61 


20 




24 


6000 


66 


13 




2a 


6000 


64 


14 




17 


6000 


60 


16 


25 


12 a 


6600 


64 


7 




20 


6600 


68 


14 




34 


6500 


47 


7 




.61 


12000 


64 


7 


30 


14 


12000 


63 


11 




29 


12O00 


61 


7 



♦ As Oalarmmad by Slza Exclusion Chromatography 
" Biological Assay Dascrfbad In ExparJmonfa! Section 

35 D *7« 1»* EPO Maximum Homatoci 6 Laval (46 aa Day 4) Raqutcad to Raaoh EPO'a Maximum 

Hematocrit Laval Aflor Attaining Ita Own Maximum Ha matoerit Laval 

# Hydrazlda Llnkar Uaad. AH Othara Usad Samlcarbaxkla Unkar. 



40 



45 



50 
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5 Tablo II: Biological Activity of mPEGSOOO-EPO. Comparing O.lforont CarbohydraU Modl/ylng mPEO-Unk.-. 

mPM , Ouratlon of Acrfvlty 

10 ynFca ' Llnk> - Ht>r a toofh(H) ' R»t*nv toEPQ fD , Y .>. . 

CHi-(OCKjCHa)..OCH2-CO-NHMH» (Hydfsildt) M 8 

CH>.(OCHjCH?)..NH.CO.NHNHj (S.mJca/bsiWo) 61 2Q 

15 

CHMOCH,CH»),.NH.CS.NHWHa (Thlosefltf<*/I>«ldo) S » n 

CH a .(OCHaCHa> 4 .NH.CO.NHNH.CO NHN:Mi (Corbonio Ac'd Dirtydr*j;d») 57 |2 

20 CH|.(OCK2CH2). 0-CO.NHNHa (Mydwldo Orbokyt.lv, 22 mPCO.) 60 

CHj.(OCHiCH2)«.NH.CO-C»H4.NHNH» (Aiylhydf«W«) 52 7 

25 • Biological Assay Described In EnpsrlrasntaJ Section 



30 



35 



40 



45 



50 



55 



and 5 mPEG3 e P ^ mPEG ^'fT 8 '" 9 mPEG -°- CH2 CH2-ONH2 (formula XXIII) ("B") linker at 22 17 
° ProdUC8S nerther the de 9 ree nor duratto " °f hematocrit elevation as that of the oxylamine de- 
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rivltized EPO. 

Antibody binding to mPEG-EPO 

The antigenicity of the mPEG-EPOs was determined by using the Clinigen™ erythropoiet in (EPO) EIA test 
kit Briefly, the assay consists of a micro titre plate coated with a monoclonal antibody to EPO. EPO or mPEG- 
EPO is allowed to interact with the coated plate. After washing the plate a labeled polyclonal antibody to EPO 
is incubated on the plate. After substrate development the plate is read. 

The results of the EUSA assay for hydrazide derivatized EPO, are presented in Figure 3. The mPEG-EPOs 
are presented as the approximate number of mPEGs attached for a given molecular weight of mPEG. For ex- 
ample, 12PEG-5k means about 1 2 mPEG molecules of a molecular weight of about 5000 were coupled to each 
molecule of EPO. The data indicates that as the number of mPEGs coupled to EPO are increased, the anti- 
genicity of the protein is decreased. Similarly as the molecular weight of mPEG is increased, the antigenicity, 
i.e. the binding of the antibody, of the modified EPO also is decreased. Reacting oxidized EPO with a hydrazide 
derivative of mPEG did not reach the high coupling levels seen with semicarbazide, thiosemicarbazide, and 
carbonic acid dihydrazide PEG derivatives and thus could not give the large decreases in immunogenicity as 
seen with these other mPEG derivatives. Decreasing the antigenicity of a protein correlates to a decrease in 
the immunogenicity of a protein as well. Thus mPEG-EPO coupled to the carbohydrate groups of EPO may 
reduce any potential immunogenicity related to the protein with those derivatives of mPEG able to be coupled 
at high levels being the most effective. 

For additional ELISAdata with mPEG hydrazide derivatives see Figure 6. 

The results of the ELISA assay for oxime derivatized EPO are presented in Figure 18. The data indicates 
that as the number of mPEGs coupled to EPO are increased, the antigenicity of the protein is decreased. Re- 
acting oxidized EPO with a linker that resulted in comparatively low coupling levels (18 PEG-A, 17 PEG-B, 12 
PEG-B) did not give the large decreases in immunogencity as seen with the comparatively high coupling level 
formulations (22 PEG-B, 25 PEG-C, and 31 PEG-C. Note that these differences in a linker's ability to decrease 
immunogenicity appear to be determined largely based on the coupling level (e.g. compare 12 PEG-B and 
22PEG-B). Thus, mPEG coupled to carbohydrate groups of EPO through oxime linkages may reduce potential 
immunogencity related to the protein, with those derivatives of mPEG able to be coupled at high levels being 
the most effective. 

Modification of Horseradish Peroxidase: Comparison of Hydrazide Versus Semicarbazide Coupling 

Horseradish peroxidase (HRP) is a glycoprotein enzyme (oxido-reductase). HRP was modified with either 
mPEG5000-hydrazide or mPEG5000-semicarbazide in order to see whether another glycoprotein besides 
EPO could show the difference in modification between the two different carbohydrate modification reagents. 
In a typical experiment, horseradish peroxidase (2 mg) was placed in 100 mM sodium acetate, pH 5.6, total 
volume 0.8 ml. Enough 10 mg/ml solution of sodium periodate was added to give a final concentration of sodium 
periodate at 10 mMol. The oxidation went for 15 min at 0°C in the dark, after which time 0.33 ml 80 mMol 
Na2S03 was added. After 5 minutes, the solution was concentrated and washed three times with 100 mMol 
sodium acetate, pH 4.2, in a micro concentrator. The oxidized horseradish peroxidase solution was then split 
in half, with one half receiving mg PEG5000-hydrazide and the other half receiving 30 mg mPEG5000- 
semicarbazide. The two oxidized horseradish peroxidase solutions were then stirred overnight at room tem- 
perature. The extent of PEG modification was determined by HPLC gel filtration using a Zorbax™ GF-250 
column using a 0.1 M phosphate buffer, pH 7. The mPEG5000-hydrazide modified horseradish peroxidase 
had approximately 7 PEG molecuIes/HRP; the mPEG5000-semicarbazide modified horseradish peroxidase 
had approximately 19 PEG molecuIes/HRP. Thus modification of horseradish peroxidase with PEG being at- 
tached to its carbohydrate groups is more effective using a semicarbazide derivative of PEG than a hydrazide 
under the same experimental conditions. 

Half-Life Determinations 

Half-Life experiments were done in male Sprague-Dawley rats weighing about 0.3 kg. Three rats were 
used for each compound. The experimental details are as follows. Each rat was injected IV (intravenously) 
with 1 ug EPO or mPEG-EPO. For the hydrazide derivatized mPEG-EPO, the mPEG-EPO used was mPEGSOO 
semicarbazide- 18, prepared essentially as described in the section above on EPO modification with semicar- 
bazides. Blood was withdrawn from each rat at 2, 5, 15, 45, 90 minutes and 3, 6, 24, 48, 54 hour time points. 
The blood was collected in heparinized tubes, and the plasma was isolated. The isolated plasma was tested 
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5^2, 09 3CtiVity in a " EP ° dependent <*" Proliferation assay. The in vitro assay employed used an 
FDC-P1/ER cell line. This murine cell line incorporates the EPO receptor and is dependent on EPO for growth 
The assay was performed as follows. The cells were grown (106/ml) in the absence of EPO for 24 hr after 
which time either EPO or mPEG-EPO at different concentrations is added to the cells. The cells were incubated 
for 42 hr. and then tritiated thymidine was added to the cells. After 6 hr the cells were harvested and counted 
Cell growth was determined by the increased up-take of thymidine. Results are given in figure 7 

The EPO dependent cell proliferation assay was performed as described above using oxime-derivatized 
mPEG-EPO. Results are given in Figure 19. 

In Vivo Assay: Anemic Mouse Model 

In this assay mice are rendered anemic by injections for five consecutive days with TNF-alpha To over- 
come the anemia the mice were injected SC (subcutaneously) with either EPO or mPEG-EPO (at 0 03 ug/dose) 
over the same five days or on just two of the five days that the mice receive TNF-alpha. Results are given in 
figure 15. 

Equivalents 

All publications and patents mentioned in the above specification are herein incorporated by reference 
The foregoing written specification is considered to be sufficient to enable one skilled in the art to practice 
the invention. Indeed, various modifications of the above-described modes for carrying out the invention which 
are obvious to those skilled in the field of molecular biology or related fields are intended to be within the scope 
of the following claims. 



Claims 

1. A compound having the formula: 

Q 



P 

wherein X is O or S; Q is selected from the group consisting of -NHNH 2 , and -CerVNHNH* and Y is se- 
lected from the group consisting of -f>, -OCH r , -NH-, -NHNH-, -O-CO-Cr^CrV and -NHCO-IMHNH-- 
and P is a water-soluble polymer. 

2. A compound according to claim 1, said compound belonging to the group consisting of, 
a compound having the formula: 

(I) P-0-CH^CO-NHNH 2 , 
a compound having the formula: 

(II) P-0-CO-NHNH 2t 
a compound having the formula: 

(III) P-NH-CO-NHNH 2 , 
a compound having the formula; 

(IV) P-NH-CS-NHNH 2 , 
a compound having the formula: 

(V) P-NHCO-NHNHCO-NHNH 2 , 
a compound having the formula: 

(VI) P-NHNHCONHNH 2 , 
a compound having the formula: 

(VII) P-NHNHCSNHNH 2f 
a compound having the formula: 

(VIII) P-NH-CO-C 6 H 4 -NHNH 2f and 
a compound having the formula: 

(IX) P-0-CO-CH 2 CH 2 -Cf>NHNH 2 . 
3. A compound having the formula: 
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P-Y-X-Q 

wherein X is 00, OS, Chfe or CHOH; Q is selected from the group consisting of -ONH 2 and -CrVONr^ 
and Y is selected from the group consisting of -0-CH 2 CrV, -O-CHjCrVO-, -0-CH 2 CrVN-, -O-CHjCHj- 
S-, and -O-CH2CH2-NH-; and P is a water soluble polymer. 

4. A compound according to claim 3, said compound belonging to the group consisting of, 

a compound having the formula: 

(XIX) P-O-CHjCHrCO-ONHa, 
a compound having the formula: 

(XX) P-O-CrtCHz-O-CO-ONHj, 
a compound having the formula: 

(XXI) P-O-CH 2 CrVNH-CO-0NH2, 
a compound having the formula: 

(XXII) P-0-CH 2 CH 2 -NH-CS-ONH 2 , 
a compound having the formula: 

(XXIII) P-0-CH 2 CH r ONH 2 , 
a compound having the formula: 

(XXIV) P-O-CHaCHrNH-CO-CHzONHz, 
a compound having the formula: 

(XXV) P-0-CH 2 CH r O-CO-CH r ONH 2 , 
a compound having the formula: 

(XXVI) P-O-Cr^CHrCHfOHJ-CH^ON^, 
a compound having the formula: 

(XXVII) P-aCH 2 CrVCO-CH r ONH 2 . 

5. A compound belonging to the group consisting of 

a compound having the formula: 

(X) P-0-CH r CO-NHN=CH-] n -2, 
a compound having the formula: 

(XI) [P-0-CO-NHN=CH-] n -Z, 
a compound having the formula: 

(XII) [P-CH-CO-NHN=CH-) n -Z, 
a compound having the formula: 

(XIII) [P-NH-CS-NHN=CH-] n -Z, 
a compound having the formula: 

(XIV) P-NHCO-NH-NHNHCO-NHN=CH-] n -Z, 
a compound having the formula: 

(XV) [P-NHNCON=CH-] n .Z, 
a compound having the formula: 

(XVI) [P-NHNCSN=CH-] n -Z, 
a compound having the formula: 

(XVII) [P-NH-CO-C 6 H 4 -NHN=CH-] n -Z; and 
a compound having the formula: 

(XVIII) [P-0-CO-CH 2 CHrCO-NHN=CH-] n -Z 
wherein Z is a polypeptide, n is 1 to x, x being the number of oxidation activatable groups on Z, and P is 
a water-soluble polymer. 

6. A compound belonging to the group consisting of, 
a compound having the formula: 

(XXVIII) [P-O-CH 2 CH r C0-0N=CH-] n -Z; 
a compound having the formula: 

(XXIX) P-0-CH 2 CH 2 -0-CO-ON=CH-] n -Z; 
a compound having the formula: 

(XXX) [P-0-CH 2 CH 2 -NH-CO-ON=CH-] n -Z; 
a compound having the formula: 

(XXXI) P-0-CH 2 CH r NH-CS-ON=CH-] n -Z; 
a compound having the formula: 

(XXXII) [P-0-CH 2 CH r ON=CH-] n -Z; 
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a compound having the formula: 

(XXIII) P-0-CH 2 CH r NH-CO-CH r ON=CH-] n -Z; 
a compound having the formula: 

(XXXJV) P-O-Cr^CHrO-CO-CHrON^H-t-Z; 
a compound having the formula: 

(XXXV) P-0-CH 2 CH 2 -CH(OH)-CH 2 -ON=CH-l 1 -Z;and 
a compound having the formula: 

(XXXVI) [P-b-CHiCHj-CO-CHrON^H-Jn-Z, 
a wrJolubleXef' " * ' *° " *" ""^ ° f ° XWa,i ° n ^ °" * and P is 

7. A compound according to claim 5 or claim 6. wherein n is 10-36. 

8. A compound according to claim 7 wherein n is 17-25. 

9. A compound according to any of claims 5 to 8. wherein Z is selected from the group consisting of hor- 
mones, lymphokmes. cytokines, growth factors, enzymes, vaccine antigens, and anttoSeT 

10. A compound according to claim 9. wherein Z is erythropoietin. 

11 ^l P ° U ? d a T d ' n9 ? a " y PreCedin9 C,aim> wherein P is selected f ™ 'he group consisting of poly- 
S5l g E ^"lopolymers po^pylene glycol homopolymers. copolymers of emylene glycol w th 
5 ^J2^T" T h0 t P ,° ,ymerS 3nd C ° P ° ,ymerS are u "«^tit U ted or substituted at one 
aLTawSiZZ f TSS^ m PO,y0lS, *"* P 01 ^^. polyvinyl ethyl 

ethers. o.6-Polyt(2-hydroxyethyl)-DL-aspartamide],RO-PE6. where R may be alkvl arvl altjLrJ ,J 
alkanoyl. benzoyl, arylalkylethers. cyctoa.kyl. cydoalkylaryl, and derhSes Jof safd pJneT * * 

12. A compound according to claim 11. wherein P is monomethoxypoly(ethylene glycol) having an averaoe 
molecular weight in the range of 2000-12000. more preferably 5000 9 

mgTelT 6 ~" ™ MM Pr0dUCed by a method 

mixing a compound according to any of claims 1 to 4 with a polypeptide for modification. 

14. A modified polypeptide according to claim 13. wherein said polypeptide for modification is selected from 

IndSoSr 9 ° f h0rm ° neS - ,ymPh0kineS - Cyt0kineS - 9TOWth faCtWS - 

15 ' t^ZiSS^ aCC ° rdi '!? 10 C ' aim 1 3> Wherei " MM po, yP e P"' de *» modification is an antibody. 

fcaSv b^S, a k St6P ° f COmbininfl Said antib0dy with a """P 0 "" 0 «Pable of sped? 

ically binding to a binding site on said antibody, prior to said mixing step. 

16 " ^HlhlffT PtWe aCCOrdi " 9 10 C ' aim 13> Wherein said Po'VPeP'We for modification is an enzyme 
SSSZ" St6P ° f COmbini " 9 ^ W « h a S ^ ra * * - «££ 

17. A modified polypeptide according to claim 13. wherein said polypeptide is erythropoietin. 

18 " ceZrca? ri r mPriSin9 3 P0 ' yPeP,ide aCC ° rdin9 10 3ny ° f daimS 13 to 17 and a Pharmaceutically ac- 

mixing a polypeptide for activation with an oxidizing agent. 

2 °' iSff2SSS to T 19 ' r herei " 88,(1 ° Xidizi " 9 a9ent is sodium P ertodate . •» a concentration of 

oMu m '?T ° f P,Dtein ' and S3id mixin9 ste P tekes P ,ace at a temperature in the range 

of -10 to 50°C for a period of time between 1 minute and 3 days. 

21. A kit for modifying polypeptides with water-soluble polymers, said kit comprising. 



26 



fication 



EP0 605 963 A2 

a water-soluble polymer according to claim 1 or 2. an oxidizing agent and a polypeptide for modi- 
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Figure 2: Hematocrit Levels in Mice 

EPO and mPEG5000-EPOs, 
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Figure 4: Hematocrit Levels in Mice 

Hydrazide and Semicarbazide Comparison 
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Figure 5: Hematocrit Levels in Mice 

EPO and mPEG8500-EPOs, 
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EPO ELISA Assay 

Carbohydrate Modification: Sernlcarbazide 
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Hematocrit Levels in Normal Mice (CD1) 

0.4ufl / Dose Injected SC Daye 0 & 1 
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Hematocrit Levels in Normal Mice (CD1) 

0.4ug / Dose Injected SC Days 0 & 1 
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Hematocrit Levels in Normal Mice (CD1) 
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Hematocrit Levels in Normal CDIMice 

0.4 ug / Dose Injected SC Days 0 & 1 
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Hematocrit Levels In Normal CD1 Mice 

0.4 ug / Dose Injected SC Days 0 & 1 
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Hematocrit Levels in Normal Mice (CD1) 




Day* After First Injection 
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Hematocrit Levels In Normal Mice (CD1) 

Multiple vs. Single Dose (0.1 ug): SC/IV 
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Hematocrit Levels in Normal Mice (CD1) 

TNFo Induced Anemia 
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Hematocrit Levels in Normal Mice (CD1) 

0.4ug / Dose Injected SC Days 0 & 1 
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Hematocrit Levels in Normal Mice (CD1) 

0.4ug / Dose Injected SC Days 0 & 1 
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EPO Proliferation Assay 
Oxlme Linked mPEG-EPOs 
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Hematocrit Levels in Normal Mice (CD1) 
0.4ug / Dose Injected SC Days 0 & 1 
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